When 8-cell mouse embryos were chase cultured for 24 h in vitro or in vivo (in uteri of pseudopregnant mice) there was no indication of utilization of the small amount of acid-soluble glycogen synthesized during the pulse. At the morula\p=m-\early blastocyst stage of development almost 50% of the label incorporated during the pulse was found in the acid-soluble glycogen fraction. The biochemical pools at this stage were relatively stable in vitro and in vivo during a short (5 h) chase period. However, marked degradation of the acid-soluble glycogen pool occurred during long periods of exposure to the uterine environment and, over 48 h in utero, almost all of the label was lost from this pool. By contrast, embryos cultured in vitro for the same period retained >60% of their acid-soluble glycogen. Utilization of glucose carbon in the acidinsoluble glycogen fraction occurred during in-vitro and in-vivo chase but there was a suggestion that the change in vivo was less than that in vitro. The non-glycogen macromolecular pool was relatively stable except during extended chase culture of morulae\p=n-\earlyblastocysts when some utilization occurred. Under these conditions utilization was less in utero than in vitro.
Introduction
The biochemistry of the preimplantation mouse embryo developing in a defined medium appears to be different from that of embryos developing in vivo. This is evident from work on the glycogen metabolism of the mouse embryo (Stern & Biggers, 1968 ; Brinster, 1969 ; Ozias & Stern, 1973 ; Pike & Wales, 1982a, b) . The glycogen content of freshly collected embryos is low throughout the cleavage stages and falls even further during development of the blastocyst (Stern & Biggers, 1968; Ozias & Stern, 1973) . By contrast, the glycogen content of embryos cultured in vitro in the presence of glucose is maintained at a higher level and increases considerably with development of the blastocyst (Ozias & Stern, 1973) . Ozias & Stern (1973) also showed that glucose was the primary precursor for the synthesis of glycogen and suggested that the level of glucose in the luminal fluids of the reproductive tract could determine the amount of glycogen in the preimplantation embryo.
Four major conclusions can be drawn from the work of Pike & Wales (1982a, b ) and Edirisinghe, Wales & Pike (1984) on the rate of synthesis and degradation of embryonic glycogen: (a) mouse embryos synthesize two forms of glycogen during in-vitro culture in the presence of glucose, one soluble and the other insoluble in perchloric acid ; (b) at the morula-early blastocyst stage the embryos acquire the ability to synthesize large amounts of acid-soluble glycogen; (c) embryos show considerable synthesis of glycogen even when the concentration of glucose present in the culture medium is low; and (d) degradation of glycogen, especially acid-soluble glycogen, by the embryo is minimal when embryos are cultured in media containing simple energy substrates. These findings suggest that normal culture conditions favour the accumulation of glycogen within the embryo due to an increased rate of synthesis and a low rate of degradation.
From studies of fluids of the female reproductive tract in large animals (Holmdahl & Mastroianni, 1965; Iritani, Gomes & VanDemark, 1969; Iritani, Nishikawa, Gomes & VanDemark, 1971 ; Wales, 1973) , one may expect that mouse reproductive tract fluids will contain adequate amounts of simple energy substrates, including glucose, and therefore the conditions in the uterus should be expected to promote accumulation rather than degradation of glycogen by embryos. One explanation for the presence of low levels of glycogen in embryos developing in utero could be increased turnover of the glycogen pool due to some uterine factor stimulating degradation to offset an inherent ability to synthesize the polymer.
The aim of the present experiment was to compare the turnover of biochemical pools, in particular the glycogen pools, in pulse-labelled mouse embryos. Degradation of glycogen pools in vivo has been studied after transfer of labelled embryos to the uterine environment and the observations compared with those of embryos cultured in vitro in the presence of simple energy substrates.
Materials and Methods
Eight-cell and morula-stage embryos were collected from superovulated female mice as described previously (Pike & Wales, 1982a) . The basic culture medium used in the collection, washing and culture of embryos was the modified Krebs-Ringer-bicarbonate solution, supplemented with 25 mM-lactate and 0-25 mM-pyruvate, as used in previous studies (Pike & Wales, 1982a) . The embryos were washed through two,changes (2 ml/wash) of the culture medium, placed in droplets of medium containing 0-28 mM-[U-14C]glucose (sp. act. 1-11 MBq/µ ) and cultured at 37°C in a humidified atmosphere of 5% C02 in air for pulse periods of 1,2 or 5 h as required in the particular experiment. A pulse period of 1 h was used when embryos were subjected to a 5-h period of chase culture. The longer pulse periods were used when chase culture was extended to 24 or 48 h. This increase in pulse period was necessary to ensure that sufficient label remained in the embryos at the end of the chase to allow biochemical fractionation and assay.
After pulse culture in the radioactive glucose medium the embryos were recovered and washed rapidly through two changes of medium (2 ml/wash) identical to that used during pulse labelling except that the glucose in the medium was non-radioactive. A sample of labelled embryos (~20%) was then collected at random and stored at -70°C for estimation of the label incorporated into biochemical fractions during the pulse. A second group of embryos (~20%) was returned to chase culture medium identical in composition to that used for washing the embryos after the pulse, and incubated for 5, 24 or 48 h at 37°C in a humidified atmosphere of 5% C02 in air. After incubation the embryos that appeared normal were collected, washed through two changes of medium similar to that used during chase culture and stored at -70°C before fractionation.
The remaining pulse-labelled embryos (~60%) were transferred into the uteri of pseudopreg¬ nant female mice for in-vivo chase. Eight-cell and morula-stage embryos were transferred into Day-3 and Day-4 pseudopregnant mice respectively. Between 10 and 20 embryos/uterine horn were transferred into 3 or 4 pseudopregnant mice. After embryo transfer the recipient mice were housed under normal animal house conditions and the embryos were recovered after 5, 24 or 48 h. The embryos recovered after 5 or 24 h in-vivo chase (36% and 14% of embryos transferred respectively) were washed through two changes of medium (2 ml/wash) containing non-radioactive glucose and stored at -70°C. After 48 h chase in utero, the embryos had implanted and therefore the implan¬ tation sites were recovered for extraction (25% recovery). For the recovery of implantation sites the uterine horns were opened longitudinally along the mesometrial side and the sites were dissected from the uterine endometrium after identification under a dissecting microscope. After removal of the implantation sites, the remaining uterine tissue was also stored at -70°C for fractionation. The uteri of recipient, but non-pregnant, mice were flushed and both the uterine flushings and uterine tissue were stored at -70°C.
Fractionation ofembryos. The embryos were fractionated into various biochemical pools using the extraction procedure previously described (Edirisinghe et al, 1984) . In summary, the embryos were disrupted by the addition of distilled water and the acid-insoluble compounds were precipitated using 5% perchloric acid (PCA). Cold ethanol was added to the acid-soluble supernatant to precipitate acid-soluble glycogen. The acid-insoluble precipitate was treated with a mixture of amyloglucosidase and amylase to remove the glucose molecules from the protein-bound acid-insoluble glycogen. After recovery of the released glucose, the non-glycogen-acid-insoluble compounds were solubilized in alkali and neutralized before assay for radioactivity.
A procedure slightly different from the above extraction procedure was used to fractionate the implantation sites and the uterine tissue. These tissues were first homogenized in 0-25 M-cold sucrose : 0-006 M-NaOH (30 ml) and 1 mg glycogen (Type III, Sigma Chemical Co., St Louis, MO, USA) in 20 µ water was added to act as a cold carrier for this compound. The acid-insoluble compounds were then precipitated with PCA to a final concentration of 5% PCA. The subsequent extraction was similar to that described above for embryos.
Assay of radioactivity. The various biochemical fractions and the uterine flushings were mixed with 4 ml scintillation cocktail and the radioactivity was assayed using a Searle Isocap 300 liquid scintillation spectrometer as described previously (Pike & Wales, 1982a ). The glucose carbon incorporated into each fraction was calculated (in pg atoms) from the disintegrations per minute detected in the samples and the specific activity of the [14C]glucose. Statistical analysis. The data obtained were transformed to logarithms before analysis to reduce the heterogeneity of variance. The significance of results was assessed by standard analyses of variance and t tests.
Results
The distribution of glucose label in various biochemical fractions of 8-cell mouse embryos during 2-h pulse culture in medium containing 0-28 mM-[U-14C]glucose and subsequent 24 h chase in vitro and in vivo is given in Table 1 . During the 2-h pulse a large proportion (53%) of the total glucose label was incorporated into non-glycogen acid-soluble compounds. Whilst the major effect of chase culture was to reduce label in this component, changes also occurred in the other biochemical pools. Incorporation into acid-soluble glycogen, whilst small, doubled during chase in vitro. However, this change just failed to reach the 5% level of significance due to the relatively large variation between replicates. Incorporation into acid-insoluble glycogen fell significantly (P < 0-05) under both chase conditions whilst that into non-glycogen acid-insoluble compounds rose significantly (P < 0-05) during the chase. The influence of chase culture in vitro and exposure to the uterine environment on the retention of pulse label in morulae-early blastocysts was studied in two experiments using different pulse and chase periods. The data obtained for the accumulation of glucose carbon in the biochemical fractions of these embryos during 1-h pulse and subsequent 5-h chase in vitro and in vivo are given in Table 2 . During pulse, 79% of the total incorporation was found in the acid-soluble fraction and of this more than half the label was recovered in acid-soluble glycogen. After this short chase period no significant changes in any of the biochemical pools in vitro or in vivo were observed.
In view of these results a second experiment was undertaken to study the effects of longer chase (24 h) after pulse labelling for 2 h. The results are included in Table 2 . As with the 1-h pulse, a large percentage of the label was incorporated into the acid-soluble compounds especially acid-soluble glycogen (49% of total incorporation) during the 2-h pulse. When pulse-labelled embryos were subjected to 24-h chase, significant changes were obtained in all the fractions except the nonglycogen acid-insoluble component. The glucose carbon in acid-soluble glycogen decreased significantly during chase in vivo (P < 0-01). However, the decrease observed during chase in vitro failed to reach statistical significance. A marked utilization of the label in the non-glycogen acidsoluble component occurred during chase (P < 001) with no significant difference between the two chase conditions. The glucose carbon accumulated in the acid-insoluble glycogen decreased significantly following chase. Furthermore, the carbon remaining in this fraction was significantly lower for embryos that were subjected to chase in vitro than for those chased in vivo (P < 0-01).
To study the utilization of the pulse-labelled biochemical pools in the embryo over the period of implantation in the uterus, morula-early blastocyst embryos, pulse-labelled for 5 h, were chased for 48 h in vitro or transferred to pseudopregnant females for the same period. The transferred embryos had implanted by the end of the experiment and implantation sites were recovered from the recipients. The incorporation into the biochemical fractions over the pulse period and the changes resulting from the 48-h chases are given in Table 3 .
Substantial amounts of glucose carbon were incorporated into all the biochemical fractions of the embryos during the 5-h pulse. A significant decrease in the glucose carbon present in the acidsoluble glycogen fraction occurred during chase especially when the chase occurred in vivo (P < 001). The glucose label in the non-glycogen acid-soluble component decreased to a similar extent in vitro or in vivo. A marked reduction in the label accumulated in acid-insoluble glycogen was observed under both chase conditions (P < 001). However, unlike the earlier experiment using a 24-h chase (Table 2) , the difference between chase in vivo and in vitro failed to reach statistical significance. During this extended chase period there was a significant decrease in the labelling of the non-glycogen acid-insoluble compounds under both chase conditions. Furthermore, the reduction after chase in vitro was significantly larger than that observed for the embryos transferred to pseudopregnant mice (P < 0-05).
In the above experiment, not all of the embryos transferred to the pseudopregnant mice implanted. To assess the fate of the glucose label of embryos that had not undergone implantation, the whole of any non-pregnant uteri and the uterine tissue of pregnant mice after removal of the implantation sites were recovered. The uterine tissue was fractionated into the major biochemical pools and the fractions assayed for radioactivity. In the mice in which there was no evidence of implantation only 16-7 Bq (mean of 2 replicates) of the 168-5 Bq transferred into each uterus as embryonic label was recovered in the tissue. This residual label was distributed between the uterine flushings (1%) and the uterine tissue (99%). Of the label found in the uterine tissue an average of 3-8 Bq was precipitated by PCA, of which 0-6 Bq (16%) was found in the acid-insoluble glycogen fraction. An average of 12-8 Bq was recovered in the acid-soluble fraction and out of this 4-2 Bq (33%) was present in the acid-soluble glycogen fraction. In the pregnant mice a total of 110 Bq (mean of 2 replicates) was recovered from the uterine tissue per animal after removal of the implantation sites. The label was distributed in amounts of 6-6 and 4-4 Bq in the acid-soluble and acid-insoluble fractions respectively. Out of the label recovered in acid-soluble compounds, 1-5 Bq (23%) was found in the glycogen fraction whilst 0-5 Bq (11%) ofthat recovered in the acid-insoluble fraction was present in the acid-insoluble glycogen fraction of the tissue.
Discussion
The total incorporation of [14C]glucose during 2-h pulse increased 6-fold between the 8-cell and the morula-early blastocyst stages of development. Whilst a substantial increase in incorporation of label into all the biochemical fractions was observed over this period, by far the major change (50fold increase) occurred in the acid-soluble glycogen fraction. Calculations using the data presented here indicate that at the morula-early blastocyst stage, embryos can synthesize about 0-2 ng glycogen/embryo/h from glucose in the medium.
Increasing the pulse period from 1 to 5 h resulted in an almost linear increase in total incorporation into the embryo. Furthermore, a similar proportion of the total label was incorporated into each biochemical fraction during the various pulse periods used, indicating a steady rate of glucose incorporation into all biochemical pools at least up to the 5 h of pulse culture.
At the 8-cell stage no degradation of acid-soluble glycogen occurred. In fact, accumulation of label in this fraction increased during the chase in vitro, indicating that synthesis of acid-soluble glycogen predominates over degradation. By contrast, embryos returned to the pseudopregnant uterus during the chase period did not accumulate additional label in the acid-soluble glycogen fraction. It would therefore appear that exposure to the uterine environment modifies glycogen metabolism. As the enzyme profiles at this stage favour increased synthesis and low degradation of glycogen (see Biggers Hsieh, Chi, Knor & Lowry, 1979) , the effect in utero is more likely to be due to a limitation on synthesis of the compound rather than an increase in its degradation.
Degradation of the acid-soluble glycogen pool occurred during long periods of exposure of morulae-early blastocysts to chase, particularly in the uterine environment. During 48 h exposure of labelled embryos to the uterine environment almost all of the label was lost from this pool. By contrast, embryos chase-cultured in vitro for 48 h retained more than 60% of their acid-soluble glycogen. Thus, some factor, or factors, present in the uterus causes an increased net degradation of acid-soluble glycogen by the embryo at this stage. This finding could explain the low content of glycogen in freshly collected, late preimplantation embryos when compared to the levels present in embryos cultured to this stage in vitro (Ozias & Stern, 1973) .
Utilization of glucose carbon in the acid-insoluble glycogen fraction occurred during in-vitro and in-vivo chase of 8-cell and morula-early blastocyst embryos. Acid-insoluble glycogen, as suggested by Pike & Wales (1982a) , may act as a core for the subsequent synthesis of acid-soluble glycogen. Krisman & Barengo (1975) have postulated that the synthesis of protein-bound glycogen primer molecules is catalysed by an enzyme called glycogen initiator synthetase in contrast to glycogen synthetase (EC 2.4.1.11) which catalyses normal glycogen synthesis. Similarly, a specific phosphorylase could be involved in cleaving the oligosaccharide primer molecules from the core and could be activated when conditions are favourable for increased synthesis of acid-soluble glycogen. Minimal degradation of acid-insoluble glycogen occurs when the medium lacks energy substrates (Edirisinghe et al, 1984) . Therefore, the abundance of substrate in the medium could be one of the factors that enhances the activity of this postulated specific enzyme that degrades the glycogen primer molecules.
Eight-cell and morula-early blastocyst embryos lost significant amounts of glucose carbon from the non-glycogen acid-soluble pool during chase in vitro and in vivo. This pool probably represents the labelled parent substrate and/or its metabolites. Loss of label from this fraction during chase culture could be due to diffusion into the medium or to the utilization of its components by catabolic pathways for the supply of energy for the developing embryo or by anabolic pathways for the synthesis of glycogen and non-glycogen macromolecules. The glucose carbon incorporated into some of the other fractions during chase culture in these studies probably arises from this pool.
More labelled glucose carbon remained in the non-glycogen acid-insoluble component of embryos following implantation than after 48 h chase in vitro. This biochemical fraction represents macromolecules such as proteins, lipids and nucleic acids. Embryos proceeding past the blastocyst stage in utero undergo increased cell division to form new embryonic tissues. Therefore, the relatively high retention of label in the non-glycogen acid-insoluble compounds of the implanted embryos could be due to the incorporation of labelled intermediary metabolites from the nonglycogen acid-soluble fraction into the structural or informational macromolecules of this newly formed embryonic tissue.
In unsuccessful transfers, 10-15% of the total label from non-implanting (and presumably degenerating) embryos was retained by the uterus. The decidua of the uterus at this stage of pregnancy is a metabolically active tissue in which macromolecular synthesis occurs for cellular multiplication (Yochim, 1975) . Some labelled products of the degenerated embryos could be incorporated into these macromolecules or undergo catabolism, as glycolysis is markedly increased in the decidual tissue at the time of implantation (O'Grady & Bell, 1977) .
The present findings show that the uterine environment has a marked influence on the metabolism of the embryo. It is therefore likely that some maternal factors such as hormones may act directly or indirectly on the developing embryo to regulate its metabolism and prepare it for implantation.
